BACKGROUND: This open-label study evaluated the efficacy and safety of a new leuprolide acetate 45 mg 6-month depot formulation in 151 men with prostate cancer who received 2 intramuscular injections administered 24 weeks apart.
Introduction
Prostate cancer is the second most frequently diagnosed cancer among men in the United States, and estimates predict that approximately 217 730 new cases were diagnosed in 2010. 1 For patients with metastatic prostate cancer and locally advanced disease, androgen deprivation therapy is the mainstay of treatment, and can be achieved through the use of gonadotropinreleasing hormone agonists (GnRHa) or bilateral orchiectomy. [2] [3] [4] Leuprolide acetate is a GnRHa, which is widely used for the treatment of hormone-dependent conditions in men and women. A chronic administration of GnRHa leads to downregulation of GnRH receptors in the pituitary gland, which results in a complete suppression of luteinizing hormone (LH), follicle-stimulating hormone and gonadal steroids after an initial stimulatory phase (hormonal flare). Usually, within 4 weeks of initiation of leuprolide acetate therapy, serum testosterone is reduced to near surgically castrated levels. [5] [6] [7] Leuprolide acetate 3-and 4-month depot formulations are frequently used for the treatment of advanced prostate cancer. This new 6-month depot formulation of leuprolide acetate was developed to provide an additional treatment option for prostate cancer patients, which reduces the number of injections needed to maintain effective testosterone suppression to two per year.
This study evaluated the efficacy and safety of two formulations (A and B) of leuprolide acetate 6-month depot 45 mg in men with prostate cancer using a sequential study design. The primary efficacy end point was the proportion of patients who achieved suppression of serum testosterone to p50 ng dl À1 from week 4 through week 48.
Only formulation A met prespecified criteria for efficacy and the results of this part of the study are reported herein. Formulation B demonstrated a higher mean initial plasma drug concentration with a lower plasma concentration at the end of the injection period. More subjects escaped from testosterone suppression, and this part of the study was prematurely terminated.
The pharmacokinetic data from this study will be reported separately.
Materials and methods

Study design
This open-label clinical trial was conducted from February 2008 to June 2009 at 39 sites in the United States. The study consisted of a screening period (up to 28 days), a 12-month (48-week) treatment period and a 30-day follow-up period. Subjects received two intramuscular injections of leuprolide acetate 6-month depot administered 6 months (24 weeks) apart. Study drug was supplied in a prefilled, dual chamber syringe that contained sterile lyophilized powder and diluent, which were mixed just before injection.
Subjects
Male subjects, 18 years or older, with histologically confirmed prostate cancer (National Cancer Institute (NCI) stages 2-4), or rising PSA following either radical prostatectomy (X0.2 ng ml À1 increase from previous test on two consecutive assessments) or prostate irradiation (X2.0 ng ml À1 increase above the nadir) were included. Subjects had a prestudy serum testosterone level of 4150 ng dl, an Eastern Cooperative Oncology Group performance score of p2, a life expectancy of at least 18 months, and at least 32 weeks had elapsed since prior hormone therapy. Patients were discontinued from the study if serum testosterone was not maintained at therapeutic levels. Institutional review board approval was obtained at each site and written informed consent was provided by each subject before screening or any study-related procedures.
Efficacy end points
The primary efficacy end point was the suppression of serum testosterone to p50 ng dl À1 from week 4 through week 48. The prespecified secondary efficacy end points were the change from baseline in PSA concentrations at study visits, the mean testosterone concentration at each treatment visit and 'acute-on-chronic' changes in testosterone and LH concentrations from just before the second (week 24) injection through the visit 14 days after the second injection. A post hoc analysis examined the incidence of PSA recurrence defined as a PSA X5 ng ml
À1
and an increase in PSA of 50% compared with nadir.
Hormonal assays
Efficacy measurements during treatment included the assessment of LH and testosterone at visits on days 1, 2 and 8 and at weeks 2, 4, 8, 14, 20 and 24 and again after the second injection on day 169 and at days 170, 171 and 176 and at weeks 26, 30, 34, 40, 46 and 48. PSA was measured at days 1 and 8 and weeks 14, 24, 25, 30, 40 and 48. Serum testosterone was measured using liquid chromatography with mass spectrometry detection after extraction (lower limit of quantitation ¼ 2.5-3 ng dl
À1
) by Esoterix (Calabasas Hills, CA, USA) and Abbott Bioanalysis (Abbott Park, IL, USA). Serum LH was measured by immunochemiluminometric assay (lower limit of quantitation ¼ 0.02 mIU ml À1 ) by Esoterix. PSA was measured by a chemiluminescent immunoassay (Access Hybritech PSA; lower limit of quantitation ¼ 0.01 ng ml À1 ) by Esoterix.
Safety
Safety assessments included evaluation of adverse events (AEs) and vital signs at all visits, and clinical laboratory tests at most visits. The injection site was monitored closely for signs of reaction by the clinical investigator for up to 2 weeks following each depot injection.
Statistics
All efficacy analyses were performed on the intent-totreat population, which included those subjects who received at least 1 dose of study drug and who did not have anti-androgen usage during the first 32 days of study drug. Based on a regulatory request, the primary efficacy analysis was adjusted to censor those four subjects who received an anti-androgen after day 32 at the last testosterone value before use of the antiandrogen. One additional subject was censored, due to a laboratory error, at the last measurement before the error. Both the results from the adjusted and prespecified results are reported. Both of these primary efficacy analyses did not include prematurely discontinued subjects whose final testosterone value was measured before day 19 and was not suppressed, as week 4 suppression could not be determined. The percentage and 90% 2-sided confidence interval (CI) of subjects suppressed for the primary efficacy end point were calculated using a Kaplan-Meier method for rightcensored observations, as were the percentages and CI for the subgroups. The prespecified requirement for efficacy was that the lower limit of the 2-sided 90% CI for suppression had to be X87%. Tests of pairwise comparisons between subgroups were based on Z statistics using the Kaplan-Meier estimates and their standard errors. Summary statistics were generated for the serum testosterone and PSA concentrations at each treatment visit, and 'acute-on-chronic' changes in testosterone and LH concentrations. For subjects with PSA 44 ng ml À1 at baseline, the number and percentage who achieved a PSA value p4 ng ml À1 were calculated. The percentage of subjects with X50% increase in PSA from nadir and PSA X5 ng ml À1 was also calculated. AEs were summarized by the percentage of subjects with events during treatment coded by the MedDRA dictionary (version 11.1; http://www.ich.org/ products/meddra.html). Injection site reactions that were assessed by the investigator to be AEs were reviewed via an accumulation of all associated terms. Change from baseline in safety laboratory and the percentages of subjects with laboratory values meeting predefined potentially clinically significant thresholds were summarized.
Results
A total of 151 subjects enrolled and received at least 1 dose of study drug and 134 subjects (88.7%) completed Leuprolide 6-month depot for prostate cancer A Spitz et al the study (Figure 1 ), and 148 were included for both the adjusted and prespecified primary efficacy end point analyses. Subject demographics and baseline characteristics are presented in Table 1 .
Serum testosterone
For the adjusted primary end point, serum testosterone was suppressed to p50 ng dl À1 from week 4 through week 48 in 93.4% of subjects (95% CI (89.2%, 97.6%)). The 90% CI was (89.9%, 96.9%) so the lower limit of the 2-sided 90% CI exceeded the prespecified minimum (87%) for efficacy ( Table 2 ). For the prespecified end point, serum testosterone was suppressed to p50 ng dl À1 from week 4 through week 48 in 93.6% of subjects (90% CI (90.2%, 97.0%)). For the nine subjects who did not have successful suppression of testosterone by each primary end point analysis, one subject failed to achieve suppression by day 32, three subjects escaped suppression just before the second injection and five subjects escaped suppression after the second injection. Of the five subjects who escaped suppression after the second injection, three subjects experienced a transient increase in testosterone within 2 weeks of the second injection ('acute-on-chronic' reaction), one subject escaped on study day 211 and the remaining subject escaped at the end of the second treatment cycle. Notably, most (5/8) testosterone escapes were transient, and none were associated with increases in PSA. Of the eight escapes, four occurred in patients who were African-American.
Subgroup analyses of testosterone suppression by NCI prostate cancer stage based on tumor node metastasis, body mass index and race were performed and the results are presented in Table 3 . The suppression rate was numerically higher for Caucasian subjects than for African-American subjects, but the difference was not statistically significant (P ¼ 0.179). The only significant difference was between those subjects with stage IV prostate cancer vs those subjects with stage II prostate cancer, with the subjects with more advanced prostate cancer (stage IV) having a higher rate of response to treatment (100 vs 91.8%, P ¼ 0.003).
After a transient hormonal flare reaction after the first injection, treatment with leuprolide acetate suppressed mean serum testosterone to below castrate levels for the entire 24-week duration of each depot injection (Figure 2a) . At baseline, mean serum testosterone concentration was 434.6 ng dl À1 , but decreased to suppression levels as early as week 4 (15.9 ng dl
À1
) and remained p11 ng dl À1 at the end of each treatment cycle. Similarly, after initial stimulation after the first injection, LH was suppressed for the 24-week interval following each depot injection (Figure 2b ).
'Acute-on-chronic' response Small, but statistically significant, mean increases in serum LH levels (0.1-0.2 mIU ml À1 ) were observed from just before the second injection on week 24 to serial time points within 2 weeks after the second injection ('acuteon-chronic' reaction). In contrast, small mean decreases (0.0-2.0 ng dl À1 ) in testosterone levels were observed even though three subjects experienced transient testosterone escapes during the 'acute-on-chronic' phase.
Serum PSA
Mean serum PSA concentrations through the 48-week treatment period are shown in Figure 3 . At baseline, 75% of subjects (112/149) had serum PSA concentrations that were 44 ng ml
À1
. Similar to testosterone, there was a transient rise in mean serum PSA concentrations after the first injection. Within 14 weeks of treatment, 87.4% (97/111) of those subjects with elevated PSA levels at baseline achieved a PSA p4 ng ml À1 . At all subsequent visits, at least 86% of subjects with a baseline PSA 44 ng ml À1 had PSA values p4 ng ml À1 . The incidence of PSA recurrence was low, castration-resistant prostate cancer occurred in only 4.6% of subjects (7/151).
Safety
Treatment-emergent AEs were reported for 94.7% of subjects during the treatment period; the majority of AEs were mild to moderate in severity (Table 4) . AEs of injection site reaction were reported in 37 subjects (24.5%), including injection site pain in 27 subjects (17.9%), injection site discomfort and injection site erythema each in 3 subjects (2.0%) and injection site hematoma and injection site swelling in 2 subjects each (1.3%). All were mild or moderate in severity, and none led to discontinuation of study drug. 
In addition to injection site pain, AEs of anemia, bone fracture, diabetes and cardiac events were of interest because of their possible association with androgen deprivation therapy. Ten subjects had AEs of anemia or decreased hemoglobin. Two of these AEs were considered serious, and the subjects received blood transfusions, but these events were considered not related to study drug by the investigator (alternative etiologies of suspected subacute upper gastrointestinal bleeding and metastatic cancer). Only 2 of the 10 AEs of anemia or decreased hemoglobin were considered treatment related. No subjects prematurely discontinued due to an AE of anemia. Five subjects experienced bone fractures as a result of falls or other trauma, but only one event was considered possibly related to study drug, and no subjects discontinued from the study due to an AE related to bone fractures. A total of eight subjects experienced AEs that were related to diabetes mellitus (n ¼ 2), increases in serum glucose (n ¼ 5) or hypoglycemia (n ¼ 1), which included one report of non-related new onset diabetes and only one possibly related event (increase in serum glucose).
Overall, a high proportion of subjects (88.1%) had a history of cardiovascular disease. One or more cardiac events were reported for 18 subjects. Ten subjects experienced serious cardiac AEs, all of whom had medical histories with significant risk factors (for example, hypertension, coronary artery disease and hypercholesterolemia). One subject prematurely discontinued the study due to worsening coronary artery disease, weakness and hyperkalemia. A total of four treatment-related AEs were reported in three subjects: angina pectoris, tachycardia and mitral valve incompetence and tricuspid valve incompetence.
Overall, the incidence of sexual dysfunction during the study, reported as AEs, was low. One patient each reported reduced libido or loss of libido, and two patients reported erectile dysfunction.
Serious AEs were reported for 31 subjects (20.5%), including one death that was not considered related to Leuprolide 6-month depot for prostate cancer A Spitz et al study drug by the investigator. The subject was 92-years old, had a history of chronic obstructive pulmonary disease, and died as the result of a treatment-emergent AE of aspiration pneumonia that began 11 days after he completed the study. Two subjects had serious AEs that were considered possibly related to study drug: colonic pseudo-obstruction in one and angina pectoris in one. Both serious AEs resolved, and the subjects completed the study. Two subjects had serious AEs that resulted in discontinuation from the study: coronary artery disease, asthenia and hyperkalemia in one and non-Hodgkins lymphoma stage IV in one.
Glucose
At baseline, the mean fasting blood glucose concentration was above normal (5.8 mmol l À1 ) and further increased by 0.4 ± 1.8 mmol l À1 at the final treatment visit. However, only one subject, who had a history of 
Hemoglobin
Mean hemoglobin values decreased through the first 14 weeks of treatment and then were stable through the end of the treatment period, with a mean decrease of 1.05 ± 1.01 g dl À1 at the final treatment visit. All other laboratory changes were unremarkable and consistent with the study population.
Discussion
This study evaluated the efficacy and safety of a new 6-month depot formulation of leuprolide acetate and demonstrated that testosterone suppression to and below castration levels (p50 ng dl
À1
) was rapid and sustained throughout the 12-month (48-week) treatment period; 93.4% of subjects had castrate levels of serum testosterone from week 4 through week 48. None of the escapes from testosterone suppression were associated with increases in PSA.
The suppression of testosterone achieved with this leuprolide acetate 6-month depot formulation is consistent with that achieved with the leuprolide acetate 3-and 4-month depot formulations. 6, 7 A cross-study comparison, using the simple percentage of subjects who did not achieve testosterone suppression to p50 ng dl À1 by week 4 or escaped from suppression on or before week 48, indicated that the leuprolide acetate 6-month depot formulation is at least as efficacious as the marketed 3-and 4-month depot formulations (failure rates of 6.0, 10.3 and 10.9% for 6-month, 3-month and 4-month formulations, respectively). 6, 7 Overall, subgroup analyses indicate that leuprolide acetate 6-month depot was effective for testosterone suppression regardless of prostate cancer stage, body mass index or race. In the total population, treatment with leuprolide acetate 6-month depot elicited a statistically significantly higher rate of response in the patients with the most advanced disease (P ¼ 0.003, stage IV vs stage II). However, while not statistically significant, there was a numerical difference in the percentage of African-American men with testosterone suppression (86.5%) compared with Caucasian men (95.4%). The reasons for this difference are unclear.
With leuprolide acetate 6-month depot treatment, mean testosterone levels after week 4 were suppressed below 15 ng dl À1 for the remainder of the 48-week treatment period and were p11 ng dl À1 at the end of each treatment cycle. In this study, the use of anti-androgens was excluded per protocol because use of these drugs would interfere with assessment of hormonal response (such as the primary end point) and potentially with the effects of leuprolide acetate on testosterone suppression during the initial phase of treatment. In our study, mean testosterone increases were not observed with the second leuprolide acetate injection. Small mean decreases in testosterone were observed from before the second injection to serial time points after the injection, and only three individual subjects experienced increases above 50 ng dl
, indicating that suppression of testosterone remained stable even after repeated exposure to leuprolide acetate 6-month depot in the vast majority of patients. In addition, PSA levels, which are used as a surrogate marker for prostate cancer progression, paralleled the decreases in testosterone concentrations, and only 4.6% of subjects experienced PSA recurrence, which occurred without an increase in serum testosterone.
Leuprolide acetate 6-month depot was well tolerated, and the type and incidence of AEs and laboratory findings reported were consistent with the safety profiles of the marketed leuprolide acetate intramuscular 3-and 4-month depot formulations 6, 7 and a marketed subcutaneous 6-month depot formulation, 8 as expected for this patient population. [7] [8] [9] Overall, the incidence of injection site reactions was 24.5%, which is higher than reported in other studies with 6-month depot formulations of GnRHa. 8, 10, 11 The rigorous monitoring for injection site reactions may have increased the frequency of adverse reaction reporting in our study population. The relatively low incidence of sexual side effects, which were collected as AEs, might be due to under reporting of these events in this study.
The mean changes in glucose and hemoglobin observed in this study were consistent with the mean changes observed for the marketed leuprolide acetate 3-and 4-month depot formulations. 7, 9 Androgen deprivation therapy has been shown to increase insulin resistance and increase the risk of new onset diabetes.
12-15 Notably, there was only one potentially Leuprolide 6-month depot for prostate cancer A Spitz et al significant increase in glucose in a subject with established diabetes and only one report of new onset diabetes during this study. Reductions in hemoglobin are known to occur after orchiectomy and GnRHa therapy as a result of loss of androgen stimulation of the hematopoietic system. [16] [17] [18] This study demonstrates the efficacy and safety of the leuprolide acetate 6-month depot formulation for sustained reduction of serum testosterone to castrate levels in men with locally advanced and advanced prostate cancer. The availability of a leuprolide acetate 6-month depot formulation will limit the number of injections needed per year to two, and better align with the treatment schedules of prostate cancer patients, which may improve patient compliance and outcomes.
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